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[Tide of the Invention] SEMICONDUCTOR DEVICE AND MEIHOD OF 

MANUFACTURING THE SAME 

[Claims] 

[Claim 1]A semiconductor device having a memory region in which a memory cell anay is 
formed of non-volatile monory devices arran^ in a matrix of a plurality of rows and columns, 
wherein each of the non-volatile monory devices has: 

a word gate formed above a semiconductor layer with a gqte insulating layer interposed; 

an impurity layer formed in the semiconductor layer to form a source region or a drain region; 

and 

control gates in the form of side walls formed along both side surfaces of ttie word g^te; 
whQ:ein each of the control gates consists of a first control g9te and a second control ^e 
adjacent to each other, 

wherein a first insulating layer is disposed between the first control ^te and the 
semiconductor layer, and a side insulating layer is disposed betweai the first control gate and the word 
g9te; 

wherein a second insulating layer is disposed between the second control g^te and the 
semiconductor layer, 

wherein the thickness of the second insulating layer is less than the thickness of the first 
insulating lay&r, and 

wherein an uppermost laya: of the second insulating laya* is a charge transfer protection film. 
[Claim 2]The semiconductor device as defined in claim 1, 

wherein the fiust insulating layo- is a stadc of a first silicon oxide film, a silicon nitride film, and 
a second silicon oxide film. 

[Claim 3]The semiconductor device as defined in claim 2, 



wherein the second insulating layer is a stack of a silicon oxide film, a silicon nitride film and 
the charge transfer protection film, the thickness of the charge transfer protection film being less than the 
thickness of the second silicon oxide film of the first insulating layer. 



5 [Claim 4]The semiconductor device as defined in any one of claims 1 to 3, 

wherein the charge transfer protection film is finlher provide on a surface of the first control 

g^te. 



[Qaim S]The method of manu&cturing a saiiiconductor device as defined in any one of 
10 claims 1 to 4, 

wh^^ein the charge tiansfer protection film is one of a silicon oxide film and a silicon oxide 
nitride film. 

[Qaim 6] A method of manu&cturing a soniconductor device having a memory region in 
15 which a memory cell array is formed of non-volatile mrniory devices arran^d in a matrix of a plurality 
of rows and columns, the method comprising: 

(a) forming a gate insulating layer above a saniconductor laya:; 

(b) forming a first conductive layer above the g9te insulating laya", 

(c) forming a stoppo: layer above the first conductive lay^; 

20 (d) pattaning the stoppa* layer and the first conductive layer to form a stack of layers formed 

of that stopper layer and that first conductive layer, 

(e) fomiing a first insulating layer by stacking a first silicon oxide film, a silicon nitride film, 
and a second silicon oxide film over the entire surface of the memory region; 

(f) forming a second conductive laya- above the first insulating layer, and thai anisotropically 
25 etching the second conductive layer into side-wall-shq)ed first control gqtes on both side sur&ces of the 

first conductive layer and on the semiconductor layer with the first insulating laya* interposed; 

(g) using the first control g^^te as a mask to ranove a surface portion of the second silicon oxide 
film of the first insulating layer, and defining part of the remaining first insulating layer as a second 
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insulating layer, 

(h) forming a third conductive layer over the entire surfece of the memoiy region, and thai 
anisotropically etching the third conductive lay^ into a second control gate on a side surface of each of 
the first control gates and on the semiconductor layer with the second insulating layer intaposed; 
5 (i) forming an impurity layer in the semiconductor layer to form a source region or a drain 

region; 

(j) forming a third insulating layer over the entire surface of the memoiy region and thai 
removing part of the third insulating layer to expose part of the stopper layer, and 

(k) removing the stopper layer, forming a fourth conductive layer over the entire surface of the 
10 semiconductor layer, and then pattaning the fourth coiKhictive layer to form a word line. 

[Qaim 7] A method of manufecturing a semiconductor device having a manory region in 
which a manoiy cell array is formed of non-volatile memoiy devices arranged in a matrix of a plurality 
of rows and columns, the method comprising: 
15 (a) forming a g^te insulating layer above a semiconductor layer, 

(b) forming a first conductive layer above the g^te insulating layer, 

(c) forming a stopper layer above the first conductive layer, 

(d) pattaning the stopper layer and the first conductive layer to form a stack of layos formed 
of that stopper layer and that first conductive layer, 

20 (e) forming a first insulating layer by stacking a first silicon oxide film, a silicon nitride film, 

and a second silicon oxide film over the entire surfeoe of flie memory region; 

(f) forming a second conductive layer above the first insulating layer, and then anisotropically 
etching the second conductive laya- iato side-wall-shqjed first control gates on both side surfaces of the 
first conductive layer and on the semiconductor layer with the first insulating layer inteaposed; 

25 (g) using the first control gate as a mask to remove part of the second silicon oxide film of the 

first insulating layer and expose part of the siHcon nitride film of the first insulating laya; forming a 
chaige transfer protection film on the €9qx)sed portion of the silicon nitride film of the first insulating 
layer, and then defining part of the rmiaining first insulating lay^ and the cfaaige transfo: protection film 
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as a second insulating layer, 

(h) fomiing a third conductive layer ova* the mtire surfece of the memory region, and then 
anisotropically etching the thiid conductive layer into a second control gate on a side surface of each of 
the jSrst control gates and on the semiconductor layer wi& the second insulating layer interposed; 

(i) fomiing an impurity layer in the semiconductor layer to form a soiirce region or a drain 

region; 

(j) forming a third insulating layer ova: the entire sur&ce of the memory region and then 
removing part of the third insulating layer to expose part of the stopper layer, and 

(k) removing the stopper layer, forming a fourth conductive layer over the entire surface of the 
semiconductor layer, and then pattoning the fourth conductive layer to form a word line. 

[Claim 8] The method of inanvifacturing a semiconductor device as defined in claim 7, 
wherein the charge transfer protection film is one of a silicon oxide film and a silicon oxide 
nitride film. 

[Claim 9]The method of manufacturing a semiconductor device as defined in claim 7 or 8, 
whCTein the charge transfer protection fiJm is fonned by a diemical vapor dqx>sition method. 

[Claim 10] The method of manufacturing a semiconductor device as defined in claim 

7or8, 

wherein the charge transfer protection film is formed by a thamal oxidation method. 

[Detailed Description of the Invention] 

[Technical Field of the Invention] 

The present invention relates to a soniconductor device having a memory region and a method 
of manufacturing the semiconductor device, and in particular, to a semiconductor device in which a non- 
volatile memory device fonned within the memory region includes two dbacg^ accumulation regions for 
each word gate, and a method of manufacturing the semiconductor device. 
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[Background Alt] 

One type of non-volatile memory device is called a metal-oxide-nitride-oxide saniconductor 
(MONOS) type or a silicon-oxide-nitride-oxide-silicon (SONOS) type, who-ein a gate insulating layer 
between a channel region and a control gqte is fomied of amulti-laya: stadc of silicon oxide and silicon 
nitride laya:s, and charge is tr^>ped in the silicon nitride layer 

A device shown in Fig. 17 is known as an example of this MONOS type of non-volatile 
memory device (see non-patent docummt 1). 

In this MONOS memory cell 100, a word gate 14 is formed on a semiconductor substrate 10 
with a gate insulating layer 12 therebetween. A control gate 20 and a control gate 30 are disposed on 
either side of the word gate 14, in the shape of side walls. There is a first insulating layer 22 between a 
base portion of the control ^te 20 and the semiconductor substrate 10, and a side insulating layer 26 
between a side surfece of the control gate 20 and the word gate 14. In a similar manner, the first 
insulating layer 22 is also between a base portion of the control gite 30 and the semiconductor substrate 
1 0, and the side insulating layer 26 is also betwem a side sur&ce of the control g^te 30 and the word gate 
14. Impurity layers 16 and 18, which are to form a soxirce region and drain region, are formed in the 
semiconductor substrate 10 between the opposing control gates 20 and 30 of neighboring memory cells. 

In this manner, each memory cell 1 00 has two MONOS memory elements on the side sur&ces 
of the word gate 14. These two MONOS memory elmimts can be controlled independmdy. Thus one 
memory cell 1 00 can store two bits of informatiorL 

[Non-Patent Document 1] 

Y. Hayashi, et al, in 2000 Syrr^sium on VLSI Tedinology Digest of Tedinical P^)ers, pp. 

122-123 

[Problems to be Solved by the Invention] 

The present invention provides a smuconductor device which includes MONOS type non- 
volatile memory devices, eadi having two charge accumulation regions, and particularly a 
semiconductor device having resistance to deterioration during the writing^erasing of data, and a method 
of manufacturing tha:eo£ 

[Means for Solving the Problons] 



According to the presait invention, thoie is provided a semiconductor device having a manory 
region in which a memory cell array is formed of non-volatile memory devices arranged in a matrix of a 
plvirality of rows and columns, 

wherein eadi of the non-volatile manory devices has: 
5 a word gate formed above a semiconductor layer with a gate insulating layer interposed; 

an impurity layer fonned in the semiconductor laya: to form a source region or a drain region; 

and 

control gates in the form of side walls formed along both side surfaces of the word gate; 
wherein each of the control g9.tes consists of a first control g9te and a second control gate 
10 adjacent to each other, 

wherein a first insulating layer is disposed between the first control gqte and the 
semiconductor laya; and a side insulating layer is disposed between the first control gate and the word 
^te; 

wherein a second insulating laya* is disposed betweoi the second control g^te and the 
15 semiconductor layer, 

wherein the thickness of the second insulating layac is less than the thickness of the first 

insulating layer, and 

wherein an iq>painost layer of the second insulating layer is a chaige transfa: protection film. 

According to the present invoition, each control gate consists of the first control gate and the 
20 second control gate, and the first control gate and the second control gate are respectively formed on the 
insulating layers having different thicknesses. Therefore, a soniconductor device in whidi the potential 
of the surfece of the substrate under the control gates changes at two locations can be provided. 

An uppermost layer of the second insulating layer is the charge transfer protection film. 
Therefore, the silicon nitride film which accumulates a chaige can be prevaited fiom coming in contact 
25 with the control gate. This prevaits difiiision of the diaige accumulated in the silicon nitride film into 
the second control gate, whereby the chaige retaition charactaistics can be in5>roved. 

According to the present invention, there is provided a method of manufecturing a 
semiconductor device having a memoiy region in which a memory cell array is fonned of non-volatile 
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memory devices arran^d in a matrix of a plurality of rows and oolumns, the method comprising: 

(a) forming a gate insulating layer above a semiconductor layer, 

(b) forming a first condvictive laya* above the g^te insulating layer, 

(c) forming a stopper layer above the first conductive layer, 

5 (d) patterning the stopper layer and the first conductive laya: to form a stack of layers formed 

of that stopper layer and that first conductive layer, 

(e) forming a first insulating layer by stacking a first silicon oxide film, a silicon nitride film, 
and a second silicon oxide film over the oitire surfece of the memory region; 

(f) forming a second conductive layer above the first insulating layer, and then anisotropically 
10 etching the second conductive layer into side-wall-sh^)ed first control g9tes on both side sur&ces of the 

first conductive layer and on the semiconductor layer with the first insulating layer interposed; 

(g) using the first control gate as a mask to remove a surface portion of the second silicon oxide 
film of the first insulating laya; and defining part of the ranaining first insulating layer as a second 
insulating laya; 

15 (h) forming a third conductive layo- over the entire surface of the manory region, and then 

anisotropically etching the third conductive layer into a second control g9te on a side surfece of each of 
the first control g^tes and on the saniconductor layer with the second insulating layer inteq)osed; 

(i) forming an impxirity layer in the saniconductor layer to form a source region or a drain 

region; 

20 (j) forming a third insulating layer over the entire surfece of the manory region and then 

removing part of the third insulating laya" to expose part of the stopper layar, and 

(k) removing the stoppa* layer, forming a fourth conductive layer over the entire surface of the 
semiconductor layer, and then patterning the fourth conductive layer to form a word line. 

According to the presaitinventiori, the control g^te is fi^rmed in two steps. M more detail, the 
25 first control gate is formed on the first insulating layer. A surface portion of the second silicon oxide fitoi 
is thai ranoved, and part of the remaining first insulating layer is defined as the second insulating layer. 
The second control g^te is formed on this second insulating layer. Therefore, the control gqtes can be 
respectively formed on the insulating laya:s having different tfaidmess. As a result, a semiconductor 
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device in which field intaisity betweoi the control gates 20, 30 and the surfece of the substrate is 
nonunifomi can be manufactured. 

Moreova; the second silicon oxide film whidi partially remains on the silicon nitride film by 
ranoving only a surfeoe portion of the second silicon oxide film in the step (g) fimctions as a diaige 
5 transfer protection film. 

According to the present invention, there is provided a method of manufecturing a 
semiconductor device having a manory region in v/bidi a memory cell array is formed of non- volatile 
memory devices arranged in a matrix of a plurality of rows and columns, the method comprising: 

(a) forming a gate insulating layer above a semiconductor layer, 
10 (b) forming a first conductive layer above the g^te insulating layer, 

(c) forming a stopper laya* above the first conductive layer, 

(d) patterning the stopper layer and the first conductive layer to form a stack of layQ:^ formed 
of that stopper laya: and that first conductive layer, 

(e) forming a first insulating layer by stacking a first silicon oxide film, a silicon nitride film, 
15 and a second silicon oxide film over the aitire surface of the memory region; 

(f) forming a second conductive laya* above the first insulating layer, and then anisotropically 
etching the second conductive layer into side-wall-sh^)ed first control g^tes on botii side sur&ces of the 
first conductive layer and on the soniconductor layer with ttie first insulating layer interposed; 

(g) using the first control ^te as a mask to remove part of the second silicon oxide film of the 
20 first insulating layer and expose part of the silicon nitride film of the first insulating layo; forming a 

chaige transfer protection film on the exposed portion of the silicon nitride film of the first insulating 
layer, and then defining part of the remaining first insulating layer and the chaige transfer protection film 
as a second insulating layer, 

(h) forming a third conductive layer over the mtire surface of the manoiy region, and then 
25 anisotropically etching the third conductive layer into a second control gate on a side surface of eadi of 

the first control gates and on the semiconductor layer with the second insulating layer interposed; 

(i) forming an impurity layo: in the semiconductor layer to form a soixrce r^on or a drain 

regior^ 
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(j) fomiing a third insulating layer ov&c the entire surface of the memory region and then 
removing part of the third insulating layer to expose part of the stopper layer, and 

(k) removing the stoppa: layer, forming a fourth conductive lay^ over the entire surface of the 
soniconductor layer, and thai patterning the fourth conductive layer to form a word line. 
5 This method of manu&cturing a SOTiioonductor device has advantages the same as tfiose of the 

above embodiment, and enables the control g9tes to be formed on the insulating layers having different 
thidoiess. 

MoreovCT, since the diaige transfo- protection film is formed in the step (g) afla- removing the 
second silicon oxide film of the second insulating layer, the charge transfer protection film can be 
10 securely formed on the silicon nitride film. 

[Embodiments] 
[First embodiment] 
(Device configuration) 

15 FIG 1 is a plan view showing a layout of a semiconductor device according to the present 

embodiment The semiconductor device includes a monory region 1000 including a non-volatile 
memory device. 

In the memory region 1000, MONOS non-volatile memory devices (hereinafter called 
'*memoiy cells") 100 are arranged in a plurality of rows and columns in the shape of a matrix. A first 
20 block Bl and a part of other blocks BO and B2 adjacent to the first block Bl are illustrated in the 
memory region 1000. Hie blocks BO and B2 have a configuration which is the revise of the 
configuration of the block B 1 . 

An element isolation region 300 is formed in a part of a region between the first block B 1 and 
the blocks BO and B2 adjacent to the first block B 1 . A plurality of word lines 50 (WL) ©ctending in the 
25 X direction (row direction) and a plurality of bit lines 60 (BL) extending in the Y direction (column 
direction) are provided in each block. One word Une 50 is connected with a plurality of word gates 14 
arranged in the X direction. The bit lines 60 are formed by impurity layers 16 and 18. 

A conductive layo* 40 which forms control g^tes 20 and 30 is formed to enclose eadi of the 
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impurity layers 16 and 18. Specifically, each of the control gptes 20 and 30 extends in ttie Y direction, 
and one end of each of a pair of control gates 20 and 30 is connected by the conductive layer extending 
in the X direction. The other end of eadi of the pair of control g^tes 20 and 30 is connected with one 
common contact section 200. Thaiefore, the conductive layer 40 has a fimction as the control g^tes of 
5 the mmiory cells and a function as an interconnect whidi connects each of the control g^tes arranged in 
the Y direction. 

The single memory cell 100 includes one word g^te 14, the control g^tes 20 and 30, and the 
impurity layers 16 and 18. The control gates 20 and 30 are formed on eadi side of the word gate 14. 
The impurity layers 16 and 18 are formed on the outer side of the control gates 20 and 30. The impurity 
10 layers 16 and 18 are shared by the adjacent memory cells 100. 

The impurity layer 16 formed in the blodc Bl and the impurity layer 16 formed in the block 
B2, adjacent in the Y direction, are electrically connected by a contact impurity layer 400 formed in the 
semiconductor substrate. The contact impurity layer 400 is formed on the side of the impurity laya* 16 
opposite to the side of the common contact section 200 of the control gates. 
15 A contact 350 is formed on the contact impurity layer 400. TTie bit line 60 formed by the 

impurity layer 16 is electrically connected wifli an upper interconnect layer throu^ the contact 350. 

The impurity layer 18 formed in the block Bl and the impurity layer 18 formed in the block 
BO, adjacent in the Y direction, are electrically connected by the contact impurity layer 400 on the side 
on which the common contact section 200 is not disposed. As shown in FIG 1, the planar layout of a 
20 plurality of the common contact sections 200 in one blodc is in a staggaied arrangmient in which the 
common contact sections 200 are altmiately formed on opposite ends of the impurity layers 16 and the 
impurity layers 1 8. The planar layout of a plurality of the contact impurity layers 400 in one block is in a 
staggered arrangement in which the contact impurity layers 400 are alternately formed on opposite ends 
ofthe impurity layers 16 and the impurity layers 18. 
25 The cross-sectional stmcture of the semiconductor device is described below with referaice to 

FIGS.2and3. FIG 2 is a cross-sectional view along the line A-A shown in FIG 1. FIG 3 is an enlarged 
cross-sectional view of a portion B shown in FIG 2. 

In tiie mmiory region 1000, the manory cell 100 includes the word gate 14, the impurity 
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layers 16 and 18, and the control gates 20 and 30. The word gate 14 is fomied on the smiiconductor 
substrate 10 through a gate insulating layer 12. The impurity layers 16 and 18 are foraied in the 
semiconductor substrate 10. Each of the impurity layers becomes dther a source region or a drain 
region. A silidde layer 92 is formed on the impurity layeis 16 and 1 8. 
5 The control ^es 20 and 30 are fomied along each side ofthe word gate 14. The control g^te 

20 includes a first control ^te 20a and a second control gqte 20b which are adjacent to each other. The 
first control gate 20a is formed on the saniconductor substrate 10 through a first insulating layer 22, and 
is fonned on one side surfece of the word gate 14 throu^ a side insulating laya* 26. The second control 
gate 20b is formed on the semiconductor substrate throu^ a second insulating layer 24. The control 
10 gate 30 includes a first control gate 30a and a second control ^te 30b. 

The first insulating layer 22 is formed of an ONO film, which is a stack of a bottom silicon 
oxide laya- (first silicon oxide layer) 22a, a silicon nitride layer 22b, and a top silicon oxide layer (second 
silicon oxide layer) 22c. 

The second insulating layer 24 is formed of an ONO film, which is a stack of a bottom silicon 
15 oxide layer (first silicon oxide layer) 24a, a silicon nitride lay^ 24b, and a top silicon oxide layer (charge 

transfer protection film) 24c. The top siUcon oxide layer 24c has a thickness smaller than that of the top 

silicon oxide layer 22c of the fiist insulating layer 22. 

The first silicon oxide layer 22a forms a potential barrier betweai a channel region and a 

charge accumulation region. The silicon nitride layer 22b fimctions as the charge accumulation region 
20 which tr^s carriers (electrons, for example). The second silicon oxide lay&c 22c forms a potmtial 

barrier between the control g3te and the dhargi^ accumulation region. 

The side insulating layer 26 is an ONO film. In more detail, the side insulating layer 26 is a 

stack of a first silicon oxide layer 26a, a silicon nitride layer 26b, and a second silicon oxide laya- 26c. 

The side insulating layer 26 electrically isolates the word gate 14 fix)m eadi of the control ^tes 20 and 
25 30. At least the upper end of the first silicon oxide layer 26a of the side insulating layer 26 is located at a 

position higher than the i^>per ends of the control gates 20 and 30 with respect to the semiconductor 

substrate 10 in ordeac to prevent occurrence of short circuits between the word gate 14 and the control 

gates 20 and 30. 
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The side insulating layer 26 and the iBist insulating layer 22 aie formed in the same dqx)sition 
step and have the same layer structure. 

The surfaces of the control g^tes 20 and 30 are cova:ed with a sidewall insulating layer 152. 
A buried insulating layer 70 is formed between the adjacent control gptes 20 and 30 in the 
5 adjacent memory cells 100. The buried insulating layer 70 covers the control gates 20 and 30 so that at 
least the control gates 20 and 30 are not exposed. The vppeic surface of the buried insulating layer 70 is 
located at a position hi^er than the upper sur&ce of the word gqte 1 4 wifli respect to the semiconductor 
substrate 10. The control gates 20 and 30 can be electrically isolated fixMn the word gate 14 and the word 
line 50 more reliably by forming the buried insulating layer 70 in this manna: 
10 As shown in FIG 2, the word line 50 is formed on the word gate 14. 

In the semiconductor device of the presmt embodiment, the control gates 20 and 30 
respectively include ttie first control gates 20a and 30a and the second control gates 20b and 30b which 
are formed on the insulating layers having diflferent thicknesses. Therefore, the potential of the surface of 
the substrate unda: the control gates 20 and 30 varies at two locations, whereby the field intmsity has 
15 peaks at three locations including the boundary between the word gate 14 and the control gates 20 and 
30, the boundary between the first control gates 20a and 30a and the second control gates 20b and 30b, 
and the edge of the iii5)urity region. This contributes to the following advanta^ relating to the data 
write/erase operation of the memory cell 1 00. 

The data write operation is described below. In the case of writing data in the memory cell 
20 100, electrons transferred fix>m the impurity region 16 are provided with en&cgy at the boundary betweai 
the word gate 14 and the control gate 30. The electrons are provided with en&cgy at the boundary 
between the first control gate 30a and the second control gate 30b to become hot electrons. The hot 
electrons are injected and trapped in the first insulating layer 22 near the region at which the thicknesses 
of the insulating layers differ. 
25 In the semiconductor device of the present embodiment, electron injection positions are 

distributed around the boundary between the first control gate 30a and the second control gate 30b. 
However, since the second insulating layer 24 formed of the NO film is present undo: the second control 
gate 30b, the diaige escapes through the control gate 30. As a result, electrons trq>ped on the side of the 
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first control gpte 30a remain. 

The data erase operation is desaibed below with reference to FIG 18. FIG 18 is a band 
diagram in which the vertical axis indicates electron potential energy and the horizontal axis indicates a 
real-space coordinate. FIG 18 shows a state at the edge of the impurity layer 18, specifically, the pn 
5 junction. 

A hi^ positive voltage is applied to the impurity layer 1 8 and a ne^tive voltage is applied to 
the control gate 3 0. As a result, the electron potential meigy is decreased in the impurity layer 1 8 which 
is an n-type region (electron potential energy in the n-type region shifts in the direction indicated by an 
arrow in FIG 18). Since the thickness of the depletion layer is as small as several nanometers in a hi^ 
10 concentration pn junction, electrons in the p-type valence band can move into the n-type conduction 
band by a tunneling effect Specifically, holes are gmerated near the edge of the impurity layo" 1 8 which 
is the p-type region accompanying transfo* of electrons. This means that a hole accumulation layer is 
formed near the edge of the impurity layer. 

The electric field b^een the second control gate 30b formed on the second insulating laya* 
15 24 and the surface of the substrate and the electric field between the first control gate 30a formed on the 
first insulating layer 22 and the surface of the substrate are described below. Since the hole accumulation 
layer is formed in the second insulating layer 24, carrier conductivity of the second insulating layer 24 is 
hi^. Therefore, the electric field in the horizontal direction (gale length direction) is relatively small. 
Since the second insulating layer 24 has a thickness smaller than that of flie first insulating layer 22, the 
20 electric field in the vertical direction is relatively large. Therefore, holes generated near the edge of the 
impurity layer 1 8 cannot enter the second insulating layer 24. 

In the first insulating layer 22, the electric field in the hori2X)ntal direction is relatively large and 
the electric field in the vertical direction is relatively small. Thaiefore, holes gmerated near the edge of 
the impurity layer 18 are provided with a laige amount of aieigy at the boundary between the second 
25 insulating layer 24 and the first insulating layer 22 and enter the charge accumulation film. Specifically, 
holes are injected at a location near the region in which the thicknesses of the chaige accumulation films 
differ, whereby data is erased at this locatiorL 

Hie location at vMdti electrons are injected during writing can be allowed to coincide with the 
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location at which holes are injected during erasing in this manner. As a result, a non-volatQe memory 
device which does not deteriorate even if the write/erase cycles are repeated can be realized. 

Moreover, according to the saniconductor device of the present embodiment, the charge 
transfer protection fihn is formed of the silicon oxide fihn 24c in the ippermost layer of the second 
5 insulating layer 24. Tha:rfore, the silicon nitride films 22b and 24b in whidi a chaige is accumulated 
can be prevented fiiom coming in contact with the second control gate 30b. This prevents the charge in 
the silicon nitride films 22b and 24b fiiom diffusing into the second control g^te 30b, whoieby charge 
retention characteristics can be improved. 

10 (Method ofnianufacturingsaiiiconductor device) 

Amethod of manii&cturing the semiconductor device according to the presait anbodiment is 
described below with reference to FIGS. 4 to 14. Each cross-sectional view corresponds to the section 
along the line A-A shovm in FIG 1. In FIGS. 4 to 14, sections the same as those shown in FIGS. 1 to 3 
are indicated by the same symbols. The description wMdi has already bem given is omitted. 

15 (1) The element isolation region 300 (see FIG 1) is formed on the surface of the semiconductor 

substrate 10 by using a trench isolation method, p-type impurities are implanted as channel doping. The 
n-type contact impurity layer 400 (see FIG 1) is formed in the semiconductor substrate 10 by ion 
implantation. 

As shown in FIG 4, an insulating layer 120 which becomes the g9te insulating layer is formed 
20 on the surface of the soniconductor substrate 10. A gqte layer (first conductive layer) 140 which 
becomes the word g^te 14 is deposited on the first insulating laya* 120. The gqte layer 140 is formed of 
doped polysilicon. A stopper layer SI 00 used in a CMP step described later is formed on the gate layer 
1 40. The stoppo" layo: S 1 00 is formed of a silicon nitride layer. 

(2) Aresist layer (not shown) is formed. The stoppo* laya* SlOO is patterned by using the resist 
25 layerasamask. The gate layer 140 is etched by iising the pattmied stopper layer as a niast Asshown 
in FIG 5, the ^te layer 140 is patterned to become a gste layer (word gqte) 140a 

FIG 6 is a plan view showing a state afta: patterning. The patterning allows openings 160 and 
1 80 to be formed in the laminate of the gate layer 140a and tiie stopper layo" SlOO in the memory region 
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1000. The openings 160 and 180 q>proximately ooniespond to the regions in >^ch the impvoAty layers 
16 and 18 are formed by ion implantation descaibed later. The side insulating layer and the control gate 
are fonned along the side sur&ces of the openings 160 and 180 in a stq) described later. 

(3) The sur&ce of the satiiconductor substrate is washed by using diluted fluoric add. This 
5 allows the insulating layer 120 to be removed in the exposed r^on, whereby the gate insulating layer 12 
remains. As shown in FIG 7, a first silicon oxide layer 220a is deposited by using a themial oxidation 
method. The first silicon oxide layer 220a is fi^rmed on the exposed surface of the semiconductor 
substrate 10 and the g^te layer 140a The first silicon oxide layer 220a may be formed by using a CVD 
method. 

10 The first silicon oxide layer 220a is subjected to an annealing treatmmt. The annealing 

treatment is performed in an atmosphere containing NH3 This pretreatmmt enables a silicon nitride 
layer 220b to be uniformly and easily deposited on the first silicon oxide layer 220a The silicon nitride 
layer 220b is deposited by using a CVD method. 

A second silicon oxide lays* 220c is deposited by using a CVD method, specifically, a hi^ 
15 temperature oxidation (HTO) method. The second silicon oxide layer 220c may be deposited by using 
an IN-situ steam generation (ISSG) treatment A dense film is deposited by using the ISSG treatment In 
the case of depositing the second silicon oxide layer 220c by using the ISSG treatment, an annealing 
treatment for making the ONO film dense as described layer maybe omitted. 

In the above step, since the siUcon nitride layer 220b and the second silicon oxide layer 220c 
20 are deposited in the same fiunace, inter&dal contamination due to removal fiom the fiimace can be 
prevented. This oiables a uniform ONO film to be formed, whereby the memory cell 100 having stable 
electrical characteristics can be obtained. 

In the present embodiment, the ONO film 220 becomes the first insulating layer 22, the second 
insulating layer 24, and the side insulating layer 26 (see FIG 2) by patterning described later. 
25 (4) As shown in FIG 8, a doped polysilicon layer (second conductive layer) 230 is formed on 

the second silicon oxide layer 220c. The doped polysilicon layer 230 is etched in a subsequent step to 
become the conductive layer 40 (see FIG 1) which forms the control g^tes 20 and 30. 

(5) As shown in FIG 9, the aitire sur&ce of the doped polysilicon layer 230 is anisotropically 
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etched. This allows a sidewall-shaped conductive laya: 232 to be formed along the side sur&ces of the 
openings 160 and 180 (see FIG 5) in the memory region 1000. The sidewall-shaped conductive layo* 
232 is etdied in a stq) described later and becomes the first control g^tes 20a and 30a. 

(6) The surfece of the second silicon oxide lays: 220c of the ONO film 220 is removed by 
5 using the sidewall-shaped conductive layer 232 as a mask. In more detail, the second silicon oxide layar 

220c may be removed by wet etching using diluted fluoric add, or dry etdiing. This allows the first 
insulating layer 22 consisting of the ONO film to rmiain under the first control ^tes 20a and 30a. As 
shown in FIG 10, the second silicon oxide lay&r 220c is etched while allowing a part of the second 
silicon oxide layer 220c to ranain so that the silicon nitride film 220b is not exposed. The etched ONO 
10 film 220 becomes the second insulating layo* consisting of the first silicon oxide laya- 24a, the sihcon 
nitride layer 24b, and the second silicon oxide layer (chargd transfer protection film) 24c in a step 
described later. 

(7) A doped polysilicon layer (not shown) is formed over flie entire surfece. The entire surface 
of the doped polysilicon layer is anisotropically dry-etched. This allo^^ the first control g9tes 20a and 

15 30a to be formed by decreasing the height of the sidewall-sh£Q)ed conductive layo" 232, and the second 
control gates 20b and 30b to be formed on the stack of the second insulating layer 24 consisting of the 
fionst silicon oxide layer 24a, the silicon nitride layer 24b, and the second silicon oxide layer 24c^ as 
shown inFIG 11. 

Since the first control gates 20a and 30a and the second control g^tes 20b and 30b are formed 
20 in the same stq), the heights of the first control ^tes 20a and 30a and the second control g^tes 20b and 
30b can be easily made uniform. The surfeces of the control g^tes 20 and 30 are gently sloped by 
isotropic etching. This allows the exposed second silicon oxide layer 24c to be removed. 

(8) An insulating layer (not shown) such as silicon oxide or silicon nitride oxide is formed over 
the entire surfece of the memory region 1000. As shown in FIG 12, the sidewall insulating layar 1 52 is 

25 formed to cover the control gates 20 and 30 by anisotropically etching the insulating layer. The 
insulating layer dqxjsited in a region in which the silidde layer is formed in a step described later is 
removed by this etching, whereby Ihe semiconductor substrate is e?qx)sed. 

As shown in FIG 12, the impurity layers 16and 18 are formed in the soniconductor substrate 
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1 0 by ion implantation with n-type impurities. 

A metal for finming a silidde is dqx>sited over the entire surface. As examples of the metal for 
forming a silidde, titanium, cobalt, and the like can be given. The silidde layer 92 is formed on the 
exposed surface of the smiiconductor substrate by subjecting the metal formed on the semiconductor 
5 substrate to a siliddation reaction. A third insulating layer 270 sudi as silicon oxide or silicon nitride 
oxide is fonned over the entire surface of the memory region 1000. The third insulating layer 270 is 
formed to cover the stopper layo- SIOO. 

(9) As shown in FIG 13, the third insulating layer 270 is planarized by grinding the third 
insulating layer 270 by using a CMP method until the stopper layer SIOO is exposed. This grinding 

10 allows the buried insulating laya- 70 to remain betweoi the control g^tes 20 and 30 which fece eadi 
other. 

(10) The stopper laya* SIOO is removed by using thermal phosphoric add. As a result, at least 
the xspp&r surface of the g^te layer 140a is exposed, whaieby an opaiing 170 is formed in the buried 
insulating layer 270. Spedfically, the opaiing 1 70 is a region whidi is fonned by removing the stoppo* 

15 layer SIOO and is located on the gate layer 140a. 

(1 1) A doped polysilicon layer (not shown) is deposited over the entire surface. A patterned 
resist layer (not shown) is formed on the doped polysilicon layer. The doped polysilicon laya* is 
pattemed by using the resist layer as a mask, \\4ieiieby the word line 50 is ftmned The g3te layer 1 40a 
(see FIG 1 4) is etched by using the resist layer as a mask. This allows the gate layer 140a to be ranoved 

20 in the region in which the word line 50 is not formed. As a result, the word gqles 14 (see FIG 1) 
arranged in an array are formed. The region in whidi flie gate layer 140a is removed corresponds to the 
region in which the p-type impurity layer (element isolation impurity layer) 1 5 is formed later. 

Since the first and second control gates 20 and 30 are covered with the buried insulating layer 
70 in this etching step, the control gates 20 and 30 remain wittiout being etdied. 

25 The aitire surface of the semiconductor substrate 10 is doped with p-type impurities. This 

allows the p-type impurity layer (element isolation impurity layer) 15 (see FIG 1) to be fonned in the 
region b^een the word ^tes 14 adjacent in the Y direction. The non-volatile memory devices 100 can 
be isolated more reliably by the p-type impurity layer 1 5. 

• 19 • 



The seimcx)ndiKtor device shown in FIGS. 1 to3isnianufacturedbythesesteps. 
Advantages of this manufecturing method are as follows. 

The control g^tes 20 and 30 are formed in two steps. In more detail, the first control g^tes 20a 
and 30a are formed. The second silicon oxide layer 220c offheONO film 220 is removed. The second 
5 control gates 20b and 30b are then formed. Therefore, the control gates 20 and 30 can be formed on the 
insulating layers having different thicknesses. As a result, a semiconductor device in which field 
intensity between the control g^tes 20 and 30 and the surfece of the substrate is nonuniform can be 
manufactured. 

In the step (6), the surface of the ONO film 220 is removed by using the sidewall-shaped 
10 conductive layer 232 as a mask. Specifically, the ONO film 220 is etched so fliat a part of the second 
silicon oxide film 220c remains on the silicon nitride film 220b. Thaefore, the silicon oxide film whidi 
functions as the charge transfer protection film can be allowed to remain on the silicon nitride film 220b. 
As a result, the silicon nitride layer 22b of the first insulating layer 22 can be prevaated fixon coming in 
contact with the second control ^tes 20b and 30b, v^iiercby a saniconductor device having improved 
15 diaige retention characteristics can be manu&ctured. 

[Second embodiment] 

A second embodiment of the present invention is described below. The following description 
merely illustrates features differing fiTom those of the first embodiment 
20 (Device configuration) 

FIGS. 15 and 16 are a cross-sectional views schonatically showing a semiconductor device 
according to the second embodiment. FIGS. 15 and 16 are a cross-sectional views showing a portion 
corresponding to FIG 3 in the first embodiment In the semiconductor device according to the second 
embodiment, a charge transfer protection film 42 is formed in the iq>painost layer of the second 
25 insulating layer 24. 

In the semiconductor device shown in FIG 15, the second control gate 30b is fonned on the 
first control gate 30a through the charge transfer protection film 42, and is formed on the s^niconductor 
substrate 10 throu^ the second insulating layer 24 including the charge transfer protection film 42 in the 
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uppemiost layer. Thaie arc no specific limitadons to the charge tr^ 

charge transfer protection film 42 has a fimction of prevaiting a charge injected into flie silicon nitride 
films 22b and 24b fiom being discharged to the second control gate 30b. For example, a silicon oxide 
film maybe used as the charge transfer protection film 42. It is preferable that the thidoiess of the chaigp 
5 transfer protection film 42 be smaller than the thickness of tiie first silicon oxide film 22c of the first 
insulating layer 22. In the semiconductor device shown in FIG 1 5, the diarge transfer protection film 42 
is formed by lasing a CVD mediod. In this case, the charge transfer protection film 42 is formed to cover 
the silicon nitride film 24b of the second insulating laya- 24, the first control ^ite 30a, and the side 
insulating layer 26. 

10 In the semiconductor device shown in FIG 16, the second control gate 30b is formed on the 

first control gate 30a throu^ die diarge transfer protection film 42, and is filmed on the smiiconductor 
substrate 1 0 through ttie second insulating layer 24 including flie charge transfer protection film 42 in the 
uppermost layer. There arc no specific limitations to the charge transfer protection film 42 insofer as the 
charge transfo* protection film 42 has the above-described fimction. For e?carrq)le, a silicon oxide nitride 

15 film may be used as the charge transfer protection film 42. It is preferable that the thidkness of the charge 
transfer protection film 42 be smaller than tiie thickness of the first silicon oxide film 22c of the first 
insulating layer 22. hi the semiconductor device shown in FIG 16, the diarge transfer protection film 42 
is formed by using a thermal oxidation method In tiiis case, the charge transfer protection film 42 is 
formed on the silicon nitride film 24b of the second insulating layer 24, the first control gate 30a, and part 

20 of the silicon nitride layer 26b \^ch is not in contact with the word gate 14 among the side insulating 
layer 26. 

In the semiconductor device according to the second embodiment, the charge transfer 
protection film 42 is formed of an oxide film or a silicon oxide nitride film in the iq>permost layer of the 
second insulating layer 24. Therefore, the silicon nitride films 22b and 24b can be prevoited fix>m 
25 coming in contact with the second control gate 20b. This prevents electrons accumulated in the silicon 
nitride films 22b and 24b fit)m being discharged to the second control gate 30, whereby a semiconductor 
device having improved diarge retmtion diaracteristics can be provided. 
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(Method of manufacturing semiconductor device) 

Amethod of manu&cturing the semiconductor device according to the second embodiment is 
described below: 

The steps ( 1 ) to (5) are performed in the same manner as in the first embodiment. 
5 (6) The second siKcon oxide layer 220c of ttie ONO film 220 is removed by using the 

sidewall-shaped conductive laya- 232 as a mask. This ailow^s the first insulating layer 22 formed of the 
ONO film to remain under the first control g^tes 20a and 30a, In more detail, the second silicon oxide 
layer 220c may be removed by wet etching using diluted fluoric add, or dry etching. The diaige transfer 
protection film 42 (not shown) is formed over the entire surface. A silicon oxide film or a silicon oxide 
10 riitride film inay be formed as the charge transfer protection film 42. The diaige transfer protection film 
42 may be formed by using a CVD method or a thermal oxidation method. 

(7) A doped polysdlicon layer (not shown) is formed over the entire surfece. The entire surface 
of the doped polysilicon layer is anisotropically diy-etched. This allows the first control gqtes 20a and 
30a to be formed by decreasing the hd^t of the sidewall-shq)ed conductive layer 232, and tiie second 
15 control gates 20b and 30b to be formed on the stack of tfie second insulating layer 24 consisting of the 
first silicon oxide layer 24a, the silicon nitride layer 24b, and the charge transfer protection film 42, as 
shown in FIG 10. 

The steps (8) to (11) are thai p^ormed in the same manner as in the first embodiment to 
obtain the semiconductor device shown in FIG 1 5. 
20 According to fiie manu&cturing method of the present mibodunent, the charge transfer 

protection film 42 is formed in flie step (6) afte* removing the second silicon oxide film 220c. Therefore, 
the second control gate 30b can be formed on the second insulating layer 24 consisting of the siKcon 
oxide layer 24a, the silicon nitride layer 24b, and the charge transfer protection film 42. As a result, a 
semiconductor device in which the charge retention characteristics of the silicon nitride fibns 22b and 
25 24b are improved can be manufactured 

The present invention is not limited to the above-described embodimoits. Various 
modifications and variations are possible within the scope of the present inventiorL For example, a bvSk 
semiconductor substrate is used as the semiconductor layer in the above mibodiments. However, a 
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semiconductor layer of an SOI substrate may be iised 
[Brief Desaiption of the Etewings] 

FIG 1 is a plan view sdiematically showing a layout of a manory region of the semiconductor 

device. 

5 FIG 2 is a schematic oDSS-sectional view taken along the line A- A shown in FIG 1 . 

FIG 3 is a cross-sectional view schematically showing a portion B shown in FIG 2. 
FIG 4 is a ax)ss-sectional view showing a step of a method of manu&cturing the 
saniconductor device shown in FIGS. 1 to 3. 

FIG 5 is a cross-sectional view showing a step of a method of manufacturing the 
10 semiconductor device shown in FIGS. 1 to 3. 

FIG 6 is a plan view showing a step of a method of manu&cturing the semiconductor device 
shown in FIG 5. 

FIG 7 is a cross-sectional view showing a stq) of a method of manu&cturing the 
semiconductor device shown in FIGS. 1 to 3. 
15 FIG 8 is a cross-sectional view showing a stq) of a method of manu&cturing tiie 

semiconductor device shown in FIGS. 1 to 3. 

FIG 9 is a cross-sectional view shoMong a stq) of a method of manu&cturing the 
semiconductor device shown in FIGS. 1 to 3. 

FIG 10 is a cross-sectional view showing a step of a method of manufacturing the 
20 semiconductor device shown in FIGS. 1 to 3. 

FIG 11 is a cross-sectional view showing a step of a method of manu&cturing the 
semiconductor device shown in FIGS. 1 to 3. 

FIG 12 is a cross-sectional view showing a step of a method of manufacturing the 
semiconductor device shown in FIGS. 1 to 3. 
25 FIG 13 is a cross-sectional view showing a step of a mdhod of manu&cturing the 

semiconductor device shown in FIGS. 1 to 3. 

FIG 14 is a cross-sectional view showing a step of a method of manxifecturing the 
semiconductor device shown in FIGS. 1 to 3. 
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• FIG 15 is a aoss-sectional view schematically showing a semiconductor device according to a 

second embodiment 

FIG 16 is a cross-sectional view schonatically showing a SCTiiconductor device according to 
the second embodiment. 
5 FIG 1 7 is a ooss-sectional view showing a conventional MONOS memory cell. 

FIG 18 is a diagram for illxjstrating an erase opaation of a saniconductor device according to 
the presQit inventioa 
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[Abstract] 

[Object] The present invention may provide a semiconductor device which includes non-volatile 
memory devices, having resistance to deterioration during the writin^^Bsing of data, and a method of 
5 manufacturing thereof 

[Arrangement] A semiconductor device having non-volatile memory devices. Each of the non- 
volatile mmioiy devices has a word gate 14 formed above a semiconductor layer 10 with a g^te 
insulating layer 12 interposed, impurity layers 16, 18 formed in the semiconductor laya; and sidewall- 
shaped control gates 20, 30 formed along both side surfaces of the word gate 14. Each of the control 

10 ^tes consists of a first control gste 20a, 30a and a second control gate 20b, 30b adjacent to eadi other. 
A first insulating layer 22 is disposed betwem the first control g9te 20a, 30a and the semiconductor 
layer 10, and a second insulating layer 24 which has the thickness less than the first insulating layer 22 is 
disposed between the second control g^te 20b, 30b and the semiconductor laya: 10. An ippermost layer 
of the second insulating layear 24 is a diaige transfer protection film. 

15 [Selected Figure] Fig. 2 
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